Alone in the Paris faculty as an aristocrat, Louis de Broglie was unusual; but he was not the only aristocrat in the broader scientific community. In the early 1920s the name of his elder brother, the experimental nuclear physicist Maurice de Broglie, was better known in France and abroad than that of Louis de Broglie. As Bruce Wheaton, among others, has noted, it was Maurice who provided the inspiration and opportunity for Louis's scientific originality to unfold.7 Thus, for the historian, the de Broglies are a notable case not only for studying connections between aristocratic values and modem scientific culture, but also for analyzing links between family history and scientific creativity.
The linking of nobility and science seems anachronistic for the twentieth century, yet recent historical work has suggested how seventeenth-and eighteenth-century aristocratic codes of honor and civility were transformed into modem systems of scientific and pro- Contrast the family backgrounds of leaders in the French scientific establishment in the early twentieth century. Jean Perrin's paternal grandparents were peasants and his father an army officer who came up through the ranks. Marie Sklodowska Curie's parents were school teachers and administrators. Pierre Curie and his brother Jacques, also a physicist, were children and grandchildren of medical doctors and inventors. Paul Langevin' s grandfather was a locksmith, his father an army veteran, and his mother a great-niece of the psychiatrist Philippe Pinel. 13 Like Because of the habits of travel among aristocrats, it was customary to employ an institutrice or pre'cepteur so that the children's education would not be interrupted as the family moved from one residence to another. The presence of English personnel in good French families, especially in Paris, was common from the end of the eighteenth to the middle of the twentieth century, and the de Broglies employed English nannies as well as tutors who were clergymen. 18 For the de Broglies, as for other older families, the family chateaus and residences were, as they remain, sites of immensely important archives and possessions: maps, acts of sale, testaments, autobiographical texts, letters, books, coats of arms, paintings, and portraits. And what were aristocrats to do? At the core of aristocratic values was the conception of service, rooted in religious, military, and diplomatic service to the state. Service "careers" in diplomacy and banking, and in government administration at the highest levels, were acceptable, but work in "professions" like law, medicine, and education was denigrated as nothing more than a "job." Most important in choosing an activity was its identification as a "metier of the generalist," in which the emphasis was on coordination and leadership rather than on specialization.20 These were the standards with which Maurice de Broglie came to personal and family compromise when he resigned from the navy in 1908 in order to do physics.
THE DE BROGLIES AS SAVANTS
As was expected of him, Maurice completed studies at the College Stanislas, an elite Catholic secondary school, where he enjoyed very good instruction in mathematics and science. He matriculated at the Ecole Navale and entered the navy as an officer in 1897. Assigned to a ship in the Mediterranean, he studied physics, chemistry, and astronomy at the Sciences Faculty in Marseilles at just the time that X rays, uranium rays, and electrons were all in the news. He formally took a degree in the physical sciences in 1901. 21 Maurice's grandfather had been ambassador to London and cabinet minister in that early period of the Third Republic often called the "republique des ducs," when royalists and Bonapartists still hoped to fashion a republican regime in which a monarch played a role. the method of electronic coincident counters for the study of the secondary cosmic radiation in cascade showers. 43 The funds for apparatus and materials at de Broglie's laboratory came not simply from the largesse of the de Broglie and Rochetaillee families, but through grants from the government's Caisse Nationale des Sciences and from private industrial firms like Thomson and Philips. The laboratory's cloud chamber, modified from a Cambridge Scientific Instruments Company apparatus, was the first in France. It eventually was moved to the CNRS laboratories center at Bellevue, where it could be used for studies of cosmic rays along with a powerful electromagnet belonging to the Academy of Sciences. Indeed, de Broglie was generous in letting his coworkers take instruments with them when they left his laboratory for positions elsewhere. 44 As Bruce Wheaton has noted, Maurice de Broglie was interested in industrial collaboration to a much greater degree than was common among university scientists in France, perhaps because of his navy experience. Internships at de Broglie's laboratory were supported by French industry, including Electricite de France, Les Acieries de Saint-Chamond, and Les Manufactures Saint-Gobain. Wheaton characterizes the de Broglie townhouse as an electronics research laboratory for industry. 45 One of the principal researchers at the laboratory in the 1920s was Alexandre Dauvillier, later professor at the College de France. He interested himself not only in the absorption and emission of X rays but also in the velocity spectrum and kinetic energies of electrons expelled after X-ray absorption. Dauvillier used electron range in order to estimate electron energy. He arrived at the conclusion that the fastest electron emitted by a target bombarded with X rays possesses the same velocity as the fastest electron in the cathode beam that produces the X rays. Surprisingly, too, the energy of the expelled electron is independent of the distance over which the rays had traveled. 46 Intrigued, Maurice de Broglie modified the design of a beta-ray velocity spectrometer (of the type used in studies of radioactivity at Rutherford's laboratory at Manchester) and began to study what he called electron particle velocity spectra. These are the patterns of bands formed by secondary electrons deflected into circular paths, thus representing electrons sorted by velocity. By March 1921 de Broglie had studied ten elements, ranging 43 On the lack of a radiochemist see Hughes, "Radioactivists," p. The problematic aspect of these results was the following: if X rays are a wave spreading spherically from the point of production, it makes no sense that a segment of the wavefront can hit an electron with as much energy as possessed by the initial electron-producing wave. Here was support for Einstein's theory of the photoelectric effect. The radiation "must be corpuscular," wrote Maurice de Broglie in the final version of his Solvay paper, "or, if it is undulatory, its energy must be concentrated in points on the surface of the wave."48 Struck by the visual correspondence between the electron velocity spectrum and the Xray spectra, Maurice de Broglie began to emphasize a formal correspondence between the behavior of electrons and radiations. In a 1922 book on X rays he wrote: "There is something kinetic in the vibratory radiation, and something periodic in the projections of corpuscles; all of this suggests, more and more every day, that the same reality manifests itself, sometimes under its kinetic face, some other times under its undulatory face."49 This appears to be the first substantive suggestion of a symmetry in wave and particle phenomena for both electrons and radiations. Louis de Broglie, like Robert Boyle three hundred years earlier, was the youngest son of a noble family. As Steven Shapin writes of Boyle as a young man, so it might have been presumed of Louis de Broglie that "the freedom and formal irresponsibility of the younger son" could incline him to "idle courses."76 And apparently there was some concern about Louis's future, as we have seen.
LOUIS DE BROGLIE'S WAVE MECHANICS

Louis de Broglie attended Langevin's courses on radiation and relativity theory at the
The youngest son who, like Robert Boyle and Louis de Broglie, ultimately chose a life of serious study could equally be subject to family concern that he had become overly ascetic and even eccentric. Of Boyle it was said that he did not look well, that he was thin and emaciated, but that this very fragility was a form of refinement and even strength. Louis's sister Pauline worried that her brother's discovery of theoretical physics was destroying his natural high spirits and gaiety. She noted that he had abandoned his youthful mode of dressing in "costumes recherches." The life he led, recalled the academy's secretary Paul Germain, was extremely regular in habits and quasi-monastic. 77 An accomplished painter, the Catholic philosopher Jean Guitton, recalled trying to capture the likeness of Louis de Broglie in a charcoal drawing: "I began by drawing the two symmetric triangles of his wing collar. How difficult to render this immaterial face, this fading splendor! I was aided by a 'coquetterie,' the drooping eyelid of his right eye, which accentuated his distracted air of the contemplative."78 Yet, according to Guitton, it would not be correct to characterize Louis de Broglie as shy. His reserve was not timidity but something else, a pudeur which "draws up a veil, a distance." Louis de Broglie, reminisced Guitton, was characterized by elegance: the elegance of feminine modes, the elegance of geometric theorems. He was a monklike man who, "like kings and popes," was inhabited by the idea that it is necessary to be a "serviteur des serviteurs."79 If Louis de Broglie was a reluctant revolutionary, he was by no means the only one in the history of quantum mechanics. Schr6dinger, Einstein, Planck, and Max von Laue all consistently expressed misgivings about acausality, indeterminism, and complementarity. Yet these Berliners were not written out of the history of the new physics with quite the same spirit of marginalization as was de Broglie. While Louis de Broglie failed to contribute to the development of the Copenhagen framework of quantum mechanics after 1927, he continued to participate in the public discussion of its experimental basis and philosophical implications. It is hard not to conclude that de Broglie's social rank, in combination with his personal temperament, played a role in the perception that he was an outsider to the scientific establishment.
Maurice, while directing one of the most important laboratories in nuclear physics in France in the 1920s and 1930s (and one in which foreign scientists were welcomed), inevitably fell under the rubric of the "gentleman" scientist who worked outside the framework of the universities and the schools. (1861-1923) , who had studied organic synthesis with Georges Friedel and coauthored a work on spectroscopy with P. E. Lecoq de Boisbaudran, the discoverer of Mendeleev' s "eka-aluminum" (gallium). Moreover, Armand de Gramont married into the Greffulhe side of the de Broglie family, taking as his wife the daughter of the comtesse Greffulhe. The countess herself had scientific interests, visiting the laboratory of Edouard Branly in order to see his equipment for wireless telegraphy and corresponding with him over a period of almost four decades.8" Thus, the circle of aristocrats in French science was small.
Had there been sons of Maurice and Louis de Broglie-or daughters-an aristocratic scientific dynasty might have developed. In the one generation, the influence and collaboration between the two brothers turned out to be crucial in the younger brother's development of the bold theory of the matter wave. This idea was supported by both the conceptual and the experimental interests of the older brother, not opposed by him. 82 That de Broglie's thesis turned out to be less radical than the rapidly changing views of members of the Copenhagen circle does not make him unusual among physicists, especially physicists of his age. Heisenberg, Dirac, and Pauli were all about ten years younger than Louis de Broglie; and even as radicals, they sought the approval and patronage of Niels Bohr and Max Born. And, of course, Paul Forman and some other historians have argued that German physicists' apparently radical ideas about acausality and indeterminism were an accommodation to politically conservative prejudices in a postwar Weimar culture that demanded a renunciation of traditional mechanism and materialism. 83 In conclusion, the choices for their lives that the de Broglies made as aristocrats in the twentieth century were unusual, but not baffling. The de Broglies' family tradition was more progressive and intellectual than was the case in many French noble families. Their sympathies for both English and German culture were long standing, established since the time of Mme. de Stael. The widespread scientism at the turn of the century taught them that service to science was the highest form of service to humanity and to the nation. And, in physics, the late nineteenth-century discoveries of radioactivity, X rays, and electrons provided the opportunity for men and women of reasonable means to set up laboratories at the forefront of physical research. 84 Maurice de Broglie's laboratory disappeared after World War II. For those interested in the history and philosophy of science, the de Broglie name largely became attached to Louis de Broglie and to his bold thesis of 1924 on the wave nature of matter. His subsequent work lay outside the mainstream of developments in quantum mechanics, although his name has remained indelibly printed in the history of wave mechanics.
One cannot help but muse that the three youngest children of the fifth duc de Broglie adopted in turn the traditional roles prescribed for the sons of the aristocracy, but with specific adaptations to the twentieth century and to the appeals of science. Pauline, with her considerable interest in archaeology and some participation in feminist intellectual circles, followed the acade'micien's practice of writing social science, history, and literature. Maurice, in both his family responsibilities and his scientific work, behaved as befit a naval officer, managing the affairs of his family and laboratory, expanding technical expertise, and training young men. Louis, in his theoretical and philosophical writings, adapted to scientific interests what might have been the church's call to an ascetic and contemplative life. Social class and aristocratic culture divided the de Broglies from the mainstream of scientific life in modern France, but mutual support within their immediate family network resulted in unusually high intellectual accomplishments for this scientifically oriented family of aristocrats.
